been published (Hodes, Atkins, and Hodes, 1966; Culver and Chaudhari, 1967; Troupin, 1968; Xm Zatzkin, Green, and LaVine, 1968; Creely and X Trail, 1970; Weller and Lutzker, 1971; Cramer, 1972; Lane, 1972; Weller, 1972; Mendl, Montgomery, and Stephenson, 1973;  Wightman and Wright, 1974) . We now present the findings in four further cases and review the published data with particular reference to the clinical features and pathogenesis. CASE REPORTS CASE 1 A man aged 41 had a right radical pneumonectomy in July 1965 for extensive unilateral lung disease which was thought to be carcinoma. Histology showed that this was an inflammatory lesion of the allergic granulomaWegener's granulomatosis group.
There was no recurrence, but five months later he had a sudden severe episode of oesophageal blockage lasting for about two hours. In June 1967 this recurred and persisted for five days. On admission he had substernal discomfort and complete dysphagia.
4> 4.
A barium swallow showed numerous intramural diverticula, about 2 mm in depth and of pinhead size, involving the middle third of the oesophagus, mainly on its left anterior wall (Fig. 1) . During fluoroscopy, long-lasting tonic contractions occurred repeatedly in a segment about 7 cm long in the lower oesophagus; a food particle could be seen lodged in showing multiple intramural diverticula. 278 ophagus On oesophagoscopy the mucosa was mildly congested. There was some distortion due to the previous pneumonectomy. There was a smooth narrowing of the lower oesophagus which was readily dilated with bougies.
A biopsy revealed mucosa with underlying fibrous tissue, muscle fibres, and focal infiltration of lymphocytes. The epithelium was hypertrophied and was thrown into folds, which sent down processes into the underlying fibrous tissue. Some of these processes revealed a central lumen which in one case was filled with desquamated epithelial cells (Fig. 2) . These appeared to be the mouths of small diverticula. No mucous glands were present in the specimen.
Other biopsies showed epithelial hyperplasia and mild chronic inflammatory cell infiltration.
Following bouginage swallowing returned to normal. During five years' follow-up there was no significant dysphagia nor any recurrence of lung disease, although the patient had spells of depression and cancer phobia with anorexia and vague chest pains. In spite of the absence of relevant symptoms, repeat radiographs in 1968 showed no improvement in the appearance of intramural diverticulosis and diffuse lower oesophageal spasm. CASE 2 A man aged 65 was in long-stay care due to paraplegia dating from early childhood. He had been bedridden since 1967. In January 1970 he began to complain of substernal pain on swallowing. A barium study showed multiple intramural diverticula confined to the lower 4 cm of the oesophagus (Fig. 3) . There was sustained spasm of this segment. There was also a sliding hiatus hernia and a deformed duodenal cap. Endoscopy showed intense inflammation of the lower oesophagus, but the lumen was widely patent.
During (Hodes et at., 1966 (Culver and Chaudhari, 1967; Cramer, 1972) . In all the other cases there was some evidence that narrowing, when present, was due to localized muscular hypertonus rather than a fibrous stricture. Hodes et al. (1966) , for example, demonstrated hold-up of a capsule given with a barium swallow, and subsequently at endoscopy a lima bean was found at the same level, but there was no obstruction to the instrument.
In both cases of presumed congenital stricture it was stated that oesophageal motor activity was normal. However, as Weller and Lutzker (1971) pointed out, an area of increased resistance anywhere in the oesophagus can be expected to trigger the propagation of forceful peristaltic waves throughout its length. It is reasonable to suppose that episodes of obstructive dysphagia would be accompanied by violent muscular contractions which in these particular patients were not apparent at other times.
With regard to the distribution of the diverticula, these were either diffuse (nine cases) or confined to a segment of oesophagus, and this segment was either at the level of a stricture (three cases) or at the site of prolonged but remittent spasm (four cases). In our present series all four cases on radiography showed segments of tonic contraction but no stenosis. Diverticulosis was mainly confined to these segments, but in case 1 it was more diffuse. In Weller's two cases, and in our case 4, diverticulosis was seen to develop in a segment of oesophagus where it was not demonstrable previously.
In two cases (Zatzkin et al., 1968; Cramer, 1972) there was the appearance of an anterior pharyngo-oesophageal web. In neither case was this the site of obstruction, and the significance of this finding is doubtful.
Oesophageal moniliasis was present in three patients (Zatzkin et al., 1968; Troupin, 1968; Creely and Trail, 1970) . All were elderly negro women; in one there was severe dental caries and stomatitis. The radiological appearances of diverticula at and below the level of a stricture in Troupin's case bore some resemblance to the condition that we are describing, but the typical, narrow necks and bulbous ends were not a constant feature. In Zatzkin's patient the abnormalities were diffuse and florid, the protrusions were irregular in shape, and many of them were broad-based. In a subsequent report on the same case, Smulewicz and Dorfman (1971) showed how these changes resolved into frank ulceration and later healed with antibiotic therapy. The radiographic appearances resembled those of other examples of oesophageal moniliasis (Andren and Theander, 1956; Kaufman, Scheff, and Levene, 1960) .
A monilial invasion of the oesophagus had modified the picture in both cases, and it would be unwise to draw firm conclusions as to whether a true intramural diverticulosis was present, and if so whether it preceded or followed the infection. In Creely and Trail's case (1970) , however, the monilial overgrowth was probably incidental.
ENDOSCOPY AND BIOPSY The appearances at oesophagoscopy have contributed little to our understanding of the nature of the diverticula; these have only been visualized by Creely and Trail (1970) in a strictured oesophagus which was hyperaemic. The four other cases of inflammation due to either moniliasis or reflux oesophagitis have already been mentioned. In all other cases, apart from segments of concentric narrowing, the oesophageal mucosa has appeared normal at oesophagoscopy.
Superficial biopsies have revealed only mild chronic inflammatory changes. Biopsy in case 1 is of some significance since it revealed a hypertrophic, folded mucosa with deep processes extending into the submucosa, an appearance consistent with true pulsion diverticulosis. Similar histological evidence of a mucosal diverticulum was published by Weller (1972) .
SUBSEQUENT COURSE On follow-up, both the symptoms of dysphagia and the radiological appearance of diverticulosis tend to remain unchanged (Mendl et al., 1960; Hodes et al., 1966; Culver and Chaudhari, 1967) .
In case 1 the radiographic changes persisted even in the absence of symptoms. In other cases, good symptomatic remission has been obtained after repeated endoscopies and bouginage, and on radiography the diverticulosis has improved (Cramer, 1972; Weller, 1972 ; case 4) or even disappeared (Weller and Lutzker, 1971 ). The radiographic improvement implies not only a failure to fill some diverticula at their previous site, but an actual shrinkage of those that are outlined.
PATHOGENESIS For some years the nature of this condition was obscure. Mendl et al. (1960) believed that deranged muscular activity was the direct cause of hernial protrusions of intact mucosa through points of weakness in the oesophageal wall-and drew attention to the close similarity to intramural diverticulosis of the gallbladder (the Rokitansky-Aschoff sinuses). When the next case was reported by Hodes et al. in 1966 , their findings were consistent with this view; however they questioned whether the appearances might be due to dilatation of the deep mucous glands in response to unrecognized chronic inflammation-analogous to the dilatation of bronchial mucous glands in chronic lung disease.
These authors further suggested that the underlying cause might be moniliasis, a view which gained support with the publication of causes of moniliasis by Troupin (1968) and Zatzkin et al. (1968) . In these particular patients, as already described, the infection was florid and readily recognized, and the appearances were quite atypical. The negative findings in subsequent cases of intramural diverticulosis exclude this as a causal factor. Zatzkin et al. (1968) suggested that the protrusions might be 'collar stud' abscesses due to intense oesophagitis, but this is not consistent with the findings or the clinical course. There is nothing to suggest the presence of severe or purulent oesophagitis, and in some cases the mucosa has been virtually normal. Wightman and Wright (1974) recently published the first necropsy report on this condition. Their findings confirmed the presence of epithelial hyperplasia and the absence of acute inflammation. They observed varying degrees of dilatation of the mucous glands. Although the diverticular ducts were lined with squamous epithelium, they believed that these ducts had their origin in the mucous glands. While it is quite possible that dilated mucous glands could represent sites of relative weakness in the oesophageal wall, in our opinion these authors have failed to stress the underlying importance of muscle spasm with raised intraluminal pressure in the formation of diverticula.
Oesophageal motility is deranged either as a result of obstruction, or after surgical interruption of continuity, or more often through some intrinsic defect which is not understood but which is probably related to previous inflammation. Moersch and Camp (1934) described the condition of 'diffuse spasm of the lower oesophagus' as a clinical entity which seems applicable to a number of cases in this series. The nature of this disorder and its relation to muscle hypertrophy was reviewed by Bennett and Hendrix (1970) ; hypersensitivity to pentagastrin has recently been reported (Eckardt and Weigand, 1974) .
In our previous case (Mendl et al., 1973) , the localization of deep intramural diverticula to a segment of severely spastic and hypertrophied muscle clearly points to a direct relationship. In this casie there was the possibility of damage by trauma 30 years previously. In Mendl's original case (Mendl et al., 1960) there was also some evidence of previous deep inflammation with paraoesophageal adhesions.
The deranged motor activity is a non-specific response, thus it is quite possible (if unproven) that diverticulosis could arise as a sequel to moniliasis. Gastro-oesophageal reflux may have played a causal role in some cases, but there is no evidence that it featured in the majority.
The analogy to Rokitansky-Aschoff sinuses in the gall-bladder is a close one. It is now recognized that this is a condition of pulsion diverticulosis resulting from repeated rises of intraluminal pressure and over-distension, with associated muscle hypertrophy and chronic inflammatory changes (Halpert, 1927; Robertson and Ferguson, 1945; Colquhoun, 1961) . Although the condition in the gall-bladder is usually diffuse, there may be segmental muscle hypertrophy with stenosis, the diverticula being deeper and more numerous at the site of hypertrophy (Mendl, unpublished) . Intramural diverticulosis of the oesophagus is an unusual finding, but the fact that four cases have been encountered by one radiologist (K. M.) in the space of 14 years suggests that it is not excessively rare. It seems surprising that it was not recognized prior to 1960, despite a number of reviews of oesophageal disease including pulsion diverticula (Habein et al., 1956; Mustard, 1957) .
Although complete regression is unlikely, this appears to be a chronic but relatively benign disease, its course depending on the underlying disorder. There is no evidence that the diverticula have ever directly caused symptoms or acted as a significant source of infection.
